
1
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ABSTRACT

Many U. S. forests, especially those with historically
short-interval, low- to moderate-severity fire regimes,
are too dense and have excessive quantities of fuels.
Widespread treatments are needed to restore ecologi-
cal integrity and reduce the high risk of destructive,
uncharacteristically severe fires in these forests.
Among possible restorative treatments, however, the
appropriate balance among cuttings, mechanical fuel
treatments, and prescribed fire is often unclear.  For
improved decisionmaking, resource managers need
much better information about the consequences of
alternative management practices involving fire and
mechanical/manual “fire surrogates.”  A group of sci-
entists and land managers is designing an integrated
national network of long-term research sites to address
this need, with support from the U. S. Joint Fire Sci-
ence Program.  Most of the 11 sites in the proposed
initial network are located in western coniferous for-
ests, with a smaller number in southern pine and cen-
tral hardwoods.  All sites to date are in those high-
priority forests with low-severity natural fire regimes.
The proposed research is intended to assess a wide
range of ecological, economic, and social consequences
of several alternative fire hazard reduction and “forest
health” treatments: (1) cuttings and mechanical fuel
treatments alone; (2) prescribed fire alone; (3) a com-
bination of cuttings, mechanical fuel treatments, and
prescribed fire; and (4) untreated controls.  Consistent
with the long-term nature of the study, non-control
treatments will be repeated over time.  Each research
site will include 3 or more replications of these 4 core
treatments.  Each treatment plot will be approximately
14 ha in size (including buffer).  Where feasible, these
relatively small replicated plots will be supplemented
by much larger (200 to 400 ha or more), generally
unreplicated areas treated to the same specifications,
to facilitate the study of larger-scale ecological and
economic/operational questions.  Valid results at each
site and meaningful comparisons across sites will be
enabled by a common or “core” research design, one
key aspect of which is a large set of core response vari-
ables and measurement protocols.  Core variables en-

compass several broad disciplinary areas, including fire
and fuels, vegetation, wildlife, entomology, pathology,
soils/hydrology, utilization/economics, and social sci-
ence. Investigators at each site will have the freedom
to add treatments and/or response variables to the core
design as appropriate to local interests and available
resources and expertise.  The steering group and other
participants in the study represent a number of federal
and state agencies, universities, and private entities.
For more information, see: http://ffs.psw.fs.fed.us/
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INTRODUCTION

Current forests in many fire-dependent ecosystems of
the United States are denser and more spatially uniform,
have many more small trees and fewer large trees, and
have much greater quantities of forest fuels than did
their presettlement counterparts (Bonnicksen and Stone
1982; Chang 1996; Parker 1984; Parsons and
DeBenedetti 1979).  Causes include fire suppression,
past livestock grazing and timber harvests, farm
abandonment (especially in the south), and changes
in climate (Arno et al. 1997; Skinner and Chang 1996).
The results include a general deterioration in forest
ecosystem integrity and an increased probability of
large, high-severity wildfires (Dahms and Geils 1997;
Patton-Mallory 1997; Stephens 1998; Weatherspoon
and Skinner 1996).  Such conditions are prevalent
nationally, especially in forests with historically short-
interval, low- to moderate-severity fire regimes (Agee
1991, 1993, 1994; Arno 1980; Barden 1997; Caprio
and Swetnam 1993; Cowell 1998; Dieterich 1980;
Guyette and Cutter 1997; Kilgore and Taylor 1979;
Mutch and Cook 1996; Phillips 1999; Swetnam 1990;
Taylor and Skinner 1998; Sutherland 1997; Touchan
et al. 1996; Van Lear and Waldrop 1989; Waldrop et
al. 1987; Wills and Stuart 1994; Wright 1996; Yaussy
and Sutherland 1993).  The report of the Sierra Nevada
Ecosystem Project highlighted these problems and
explained the need for large-scale and
strategically-located thinning (especially of small
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trees), fuel treatment, and use of prescribed fire (SNEP
1996; Weatherspoon and Skinner 1996).  A recent
speech by Interior Secretary Babbitt (1997) pointed out
that similar problems and the need for similar solu-
tions are now being acknowledged by national
policymakers.

The need for widespread use of restorative manage-
ment practices is clear (e.g., Hardy and Arno 1996).
Less clear, however, is the appropriate balance among
cuttings, mechanical fuel treatments, and prescribed
fire (SNEP 1996; Stephens 1998; van Wagtendonk
1996; Weatherspoon 1996).  Economic and technical
feasibility of various treatments across different stands
and landscapes, as well as social and political accept-
ability, are important considerations in managers’ de-
cisions about tools to use.  However, to achieve goals
for ecosystem integrity and sustainability, we also need
much better information about the ecological conse-
quences and tradeoffs of alternative management prac-
tices.  The frequent, low- to moderate-severity fires
that characterized presettlement disturbance regimes
in many of our forests affected not only overall forest
structure, composition, and fuel levels, but also a wide
range of other ecosystem components and processes
(Agee 1993, Chang 1996).  What components or pro-
cesses are changed or lost, and with what effects, if
“fire surrogates” such as cuttings and mechanical fuel
treatments are used instead of fire, or in combination
with fire?  For the most part, information necessary to
answer such key questions is anecdotal or absent.

Long-term, interdisciplinary research thus should be
initiated to quantify the consequences and tradeoffs of
alternative fire and fire surrogate treatments.  Ecologi-
cal, economic and social aspects must all be included
as integral components.  The research needs to be ex-
perimental, rather than retrospective or correlative, to
permit stronger inferences about cause-and-effect re-
lationships.  Only through such research will it be pos-
sible to determine which ecosystem functions of fire
can be emulated satisfactorily by other means, which
may be irreplaceable, and the implications for man-
agement.  The human dimensions of the problem are
equally important.  Treatment costs and utilization
economics, as well as social and political acceptabil-
ity, strongly influence decisions about treatment alter-
natives.  Such an effort must be collaborative, involv-
ing land managers, researchers, and interested public.

A team of scientists and land managers has designed
an integrated national network of long-term research
sites to address this need, with support from the USDI/
USDA Joint Fire Science Program (http://

www.nifc.gov/joint_fire_sci/index.html).  The steering
committee (see Appendix) and other participants in
this national “Fire/Fire Surrogate” (FFS) study repre-
sent a number of federal and state agencies, universi-
ties, and private entities, as well as a wide range of
disciplines and geographic regions.  The study will
use a common experimental design to facilitate broad
applicability of results.  Steering committee members
currently are finalizing the FFS proposal for submis-
sion to the Joint Fire Science Program.

OBJECTIVES

The overall goal of the proposed research is to quan-
tify the ecological, economic, and social consequences
of fire and fire surrogate treatments in a number of
forest types and conditions in the United States.  Pri-
ority is given to forests with low- to moderate-severity
natural fire regimes.

Objectives of the FFS study are:

1. Quantify the effects of fire and fire surrogate treat-
ments on a number of specific core response vari-
ables within the general groupings of (a) fuel and
fire behavior, (b) vegetation, (c) soils and forest
floor/hydrology, (d) wildlife, (e) entomology, (f)
pathology, (g) treatment costs and utilization/eco-
nomics, and (h) social sciences.

2. Provide an overall research design that (a) es-
tablishes and maintains the study as an integrated
national network of long-term interdisciplinary
research sites utilizing a common “core” design
to facilitate broad applicability of results, (b) al-
lows each site to be independent for purposes of
statistical analysis and modeling, as well as be-
ing a component of the national network, and (c)
provides flexibility for investigators and other
participants responsible for each research site to
augment—without compromising—the core de-
sign as desired to address locally-important is-
sues and to exploit expertise and other resources
available to local sites.

3. Develop and validate models of ecosystem struc-
ture and function, and successively refine rec-
ommendations for ecosystem management.

4. Within the first five years of the study, establish
cooperative relationships, identify and establish
network research sites, collect baseline data,
implement initial treatments, document treatment
costs and short-term human and ecological re-
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sponses to treatments, report results, and desig-
nate FFS research sites as demonstration areas
for technology transfer to professionals and for
the education of students and the public.

5. Develop and maintain an integrated and spatially-
referenced database format to be used to archive
data for all network sites, facilitate the develop-
ment of interdisciplinary and multi-scale mod-
els, and integrate results across the network.

6. Identify and field test, in concert with resource
managers and users, a suite of response variables
or measures that are: (a) sensitive to the fire and
fire surrogate treatments, and  (b) both techni-
cally and logistically feasible for widespread use
in management contexts.  This suite of measures
will form much of the basis for management
monitoring of operational treatments designed to
restore ecological integrity and reduce wildfire
hazard.

RESEARCH APPROACH

Experimental Design

The benefits of an integrated study with multiple ex-
perimental sites located around the country clearly can
be enhanced if a common or “core” experimental de-
sign is utilized.  The core experimental design for the
FFS study—i.e., those elements of the design common
to all research sites in the network—consists of com-
mon (1) treatments, (2) replication and plot size, and
(3) response variables.

Treatments

The proposed FFS treatments consist of various com-
binations of the most common manipulative manage-
ment activities utilized in forested ecosystems: cutting
trees or other vegetation, using prescribed fire, and
mechanically treating residues or scarifying the soil.
Treatments include those that address widely-shared
concerns about forest health and wildfire hazard, those
that deal with environmental concerns, and those most
practical from an operational standpoint.  Consistent
with the long-term focus of the study, treatments will
be repeated periodically to represent real management
approaches.

The following suite of four FFS treatments will be
implemented at each research site:

1. Untreated control

2. Prescribed fire only, with periodic reburns

3. Initial and periodic cutting, each time followed
by mechanical fuel treatment and/or physical re-
moval of residue; no use of prescribed fire

4. Initial and periodic cutting, each time followed
by prescribed fire; fire alone also could be used
one or more times between cutting intervals

Cuttings in treatments 3 and 4 will be repeated at in-
tervals appropriate to the forest type and site condi-
tions—e.g., 20 years.  Periodic prescribed burns in
treatments 2 and 4 normally will be based on the best
available information about presettlement fire inter-
vals on the kinds of sites represented by the research
site.  Irregular rather than fixed burn intervals are pref-
erable where supported by fire history evidence, since
it seems likely that important elements of ecosystem
diversity were promoted historically by natural vari-
ability in fire intervals (Agee 1993; Skinner and Chang
1996).

Definitions of the 4 FFS treatments are necessarily
rather generic, and can encompass considerable vari-
ability in both cutting/mechanical and fire treatments
that may significantly affect ecological responses of
interest.  More precise definitions would be helpful
from the standpoint of reducing treatment variability
among research sites.  Applying uniform treatment
specifications across so diverse an array of sites, how-
ever, is neither feasible nor desirable.  The real world
of forest ecosystems and resource management would
not be represented appropriately with such a “one-size-
fits-all” approach.  This does, however, increase the
need for (1) local replication to allow each research
site to stand on its own statistically, and (2) good char-
acterization of treatments actually applied at each re-
search site to help explain observed differences among
sites.

The non-control FFS treatments (treatments 2, 3, and
4) must be guided by a desired future condition (DFC)
or target stand condition.  The DFC will be defined
mainly in terms of the tree component of the ecosys-
tem—specifying such targets as diameter distribution,
species composition, canopy closure, and spatial ar-
rangements—and live and dead fuel characteristics.
As with the FFS treatments, it is not feasible to pre-
scribe a core DFC with any level of specificity that
would apply across all research sites.  We have, how-
ever, set a fire-related minimum standard or “least com-
mon denominator” that will serve as a starting point
for DFCs throughout the FFS network.  That standard
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is based on predicted effects of a hypothetical wildfire
occurring on the site after treatments have been imple-
mented:

Each non-control treatment shall be designed to
achieve stand and fuel conditions such that, if im-
pacted by a head fire under 80th percentile weather
conditions, at least 80 percent of the basal area of
overstory (dominant and codominant) trees will
survive.  The definition of 80th percentile weather
conditions will be based on an analysis of fire sea-
son conditions, calculated for mid-afternoon, over
a period of 10 to 20 years at the closest fire weather
station.  The prescription to implement the treat-
ment will be developed based on fire behavior mod-
eling (e.g., FARSITE) and predicted fire effects.
Effects will be predicted using techniques such as
FOFEM (First Order Fire Effects Model) and/or
other modeling efforts that may include expert opin-
ion.

The standard presumes the retention of a viable re-
sidual stand following treatment.  Thus, clearcutting
would not be an acceptable treatment option.  In many
cases, early treatments may take the form of some varia-
tion of thinning from below (or the equivalent via a
series of burns), since this often addresses the greatest
short-term restoration need.  In the long-term, how-
ever, provisions will need to be made for recruitment
of tree regeneration and development of a sustainable
age-class structure.

Because of vegetation growth and fuel accretion, treat-
ments will need to be repeated periodically for the stan-
dard to continue to be met.  In most cases, surface fu-
els will require retreatment—by fire or mechanical
techniques, as appropriate to the treatment type—more
often than stand structure.

Participants at each research site will define a DFC
(and associated treatment prescriptions and retreatment
schedules) that meets this fire-related standard.  Given
that this standard is met, however, the DFC can and
should incorporate any additional management goals
appropriate to the site, to stand conditions, and to the
expectations of resource managers and other stakehold-
ers.  For sites that employ a randomized block design
with blocks that differ significantly in site or stand
conditions, DFC could vary somewhat among the ex-
perimental blocks within a research site.  It is impor-
tant for a DFC to be well-defined, and implemented
using a specific prescription to ensure consistency
among treatment plots.

Assuming the same starting point of stand and fuel
conditions, moving toward a given DFC using FFS
treatment 2 (fire only) clearly will be a much less pre-
cise process than using FFS treatments 3 and 4 (cut-
tings) and will also require a number of successive
burns.  Some desired changes in stand structure—e.g.,
“thinning” relatively large trees without doing exces-
sive damage to the overall stand—may not be feasible.
However, skilled and innovative use of prescriptions,
firing techniques, and other methods such as stage
burning should, over several successive burns, permit
considerable progress toward most DFCs using pre-
scribed fire alone.  It should be noted that opportuni-
ties for significant reshaping of stand structure—e.g.,
killing groups of trees to create openings—may be
greater with initial relatively heavy fuel loads than af-
ter most fuels have been consumed.

Replication and Plot Size

Replication at each research site is necessary to allow
each site to be analyzed independently.  As part of the
core experimental design, each treatment will be rep-
licated 3 times at each research site, using either a
completely randomized or randomized block design
as appropriate to the research site.  The core set of 4
treatments thus will be represented in 12 treatment plots
at a research site.

Each of the 12 core treatment plots at a research site
will consist of a 10-ha measurement plot, within which
core variables will be measured, surrounded by a treated
buffer.  The 10-ha size is a compromise between ad-
vantages of smaller plots (e.g., reduced costs, reduced
intraplot variability) and those of larger plots (e.g., need
to represent natural variability in stands and in DFC(s)
at a more nearly operational scale, need to accommo-
date some larger-scale ecological responses).  Size of
measurement plots and appropriate core response vari-
ables are closely related and interdependent.  To keep
the perimeter-to-area ratio low and reasonably consis-
tent, the length-to-width ratio should not exceed 1.5.

The buffer, which is to be treated in the same way as
the measurement plot it surrounds, will have a width
at least equal to the height of a best site potential tree.
A 30-m treated buffer, for example, would bring the
total size of the treatment plot to about 14 ha.  Local
participants may decide to adopt wider buffers than
the minimum specified.  Furthermore, it is left to par-
ticipants at each research site to determine appropri-
ate separation of treatment plots and the nature of treat-
ment (or nontreatment) in the matrix between plots.
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We recognize that many aspects of wider-ranging wild-
life species, fisheries, watershed-scale hydrology, other
landscape-level responses, and some economic and
social questions can be studied at the 10-ha scale only
indirectly—e.g., via habitat attributes and modeling
methods.  Where feasible at a given research site, two
additional approaches may help in addressing larger-
scale issues: (1) Larger replicated treatment plots (i.e.,
larger buffers) can be used, provided that the core 10-
ha plots are embedded within them and are utilized
for measurement of core response variables.  Addi-
tional, larger-scale variables could then be measured
on the larger treatment plots.  (2) The core 10-ha rep-
licated plots can be augmented with much larger (200
to 400 ha or more), generally unreplicated areas nearby
treated to the same specifications.  These large treat-
ment areas could provide useful information concern-
ing operational-scale economics and practicability, as
well as larger-scale ecological responses, especially if
linked to the smaller replicated plots via appropriate
models.

Response Variables

A major aspect of the common design proposed for
this study is a set of core response variables to be mea-
sured at all network sites, using common measurement
protocols to the extent possible and a consistent
intraplot sampling approach.  Additional responses can
be studied at one or more sites, depending on interests
and available expertise and resources.  The proposed
research is designed to be open-ended in terms of sci-
entific disciplines and associated response variables
that can be accommodated.

Several members of our FFS steering committee (Ap-
pendix) have been serving as disciplinary group lead-
ers with responsibility for developing major sets of re-
sponse variables (Table 1).  Each group leader has
worked with a team of people with appropriate exper-
tise to identify a core set of response variables that
would be measured consistently across all research
sites.  Their activities also have included cross-group
coordination to ensure consistency, compatibility, and
non-duplication of data collection efforts.  We antici-
pate that their responsibilities will continue into the
implementation phase of the project to ensure that data
collection protocols are followed consistently at all the
sites.  (Where deviations from common measurement
protocols are necessary for specific variables, they will
be documented and justified.)  This may include train-
ing, oversight of field crews, or other measures as ap-
propriate.

Intraplot sampling of all variables will be keyed to a
50-m square grid of permanent sample points to be
established and maintained within each measurement
plot.  Any number of grid points in a measurement
plot may be utilized for a given variable depending on
the nature and appropriate intensity of sampling for
that variable.  Spatial referencing of all data to the
grid will facilitate spatial analyses in conjunction with
planned acquisition and analysis of high-resolution
digital orthophotography and utilization of a GIS-based
data base.  Co-location (or consistent proximity) of
multi-disciplinary data facilitated by use of the grid
also will promote analyses that should elucidate cross-
disciplinary relationships and suggest interdisciplinary
hypotheses.

Table 1. Disciplinary groups and group leaders.

Fire and fuels
Sally Haase, PSW Station, and Bob Vihnanek, PNW
Station

Vegetation
Jon Keeley, USGS, Sequoia-Kings Canyon National
Parks

Soils and forest floor/hydrology
Ralph Boerner, Ohio State University

Wildlife
Steve Zack, Wildlife Conservation Society

Entomology (primarily bark beetles)
Patrick Shea, PSW Station

Tree pathology
Bill Otrosina, SO Station

Treatment costs and utilization/economics
Jamie Barbour, PNW Station

Social sciences
Ron Hodgson, California State University Chico

Augmenting the Core Design

As suggested in Project Objective #2, the overall study
is designed to balance the values of an integrated na-
tional network of research sites having a common de-
sign against the needs for each site to retain flexibility
in addressing important local issues and in exploiting
expertise and other resources available to that site.
Accordingly, at the discretion of investigators, man-
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agers, and other participants involved in a given site,
the core design may be augmented (provided it is not
compromised) at that site by adding FFS treatments,
adding one or more DFCs, adding replications, increas-
ing treatment plot size (by increasing buffer width; the
10-ha measurement plot and core data collected within
it would remain unchanged), and/or adding response
variables.  In general, however, we will request sup-
port through the Fire Science Program only for imple-
menting the core design at each site.

Research Site Locations

Criteria for Site Selection

A network of research sites using a common experi-
mental design has the potential for synergistic output
exceeding what could be accomplished by a series of
separate, uncoordinated studies.  In selecting research
sites we have developed and used the set of criteria
given in Table 2.  All of the initial sites identified for
inclusion in the network have met or will meet these
criteria.

Proposed Initial Sites

The proposed initial network (Table 3) comprises 10
main sites and 1 satellite site (satellite will have less
than the full suite of core treatments).  All of these
initial sites represent forests with a historically short-
interval, low- to moderate-severity fire regime.  Eight
sites are in western coniferous forests, ranging from
the Pacific Northwest to the Southwest.  These sites
all share the fact that ponderosa pine is an important
tree component, but sites vary in composition of other
conifers and differ substantially in topographic and soil
parameters.  Two sites are in the southeastern U. S.—
one in the Piedmont and one on the Coastal Plain—
and are dominated by mixtures of southern pines with
hardwood understories.  Rounding out the network is
a site in the midwestern oak-hickory type of Ohio.
Collectively, these sites comprise a network that is truly
national in scope.  Represented in this network is a
mixture of land ownerships, including federal, state,
university experimental forests, and private holdings.

We recognize that the proposed initial network does
not represent all forest types and conditions with seri-
ous fire hazard and forest health problems.  However,
its composition is a reasonable compromise consider-
ing the widespread need for the information, antici-
pated availability of funding, and available expertise
and commitment.  It is our expectation that the net-
work will provide us with widely applicable results.

Depending on the level of interest and support avail-
able, future sites in the same or other fire regimes may
be added to the network. Possibilities for using the FFS
study as a model for similar international studies have
been discussed.

Table 2. Criteria used in site selection.

1. Site is representative of forests with a historically
short-interval, low- to moderate-severity fire regime
and a currently high risk of uncharacteristically
severe fire.

2. Site is representative of widespread forest condi-
tions (site characteristics, forest type and structure,
treatment history) that are in need of, and likely to
benefit from, fire or fire surrogate treatments, and
in which such treatments are feasible.

3. Site contributes significantly to balancing the over-
all network in terms of regional representation and/
or land ownership type.

4. Partners and cooperators are committed to and ca-
pable of participating in the program.  This involves
several factors, including: active support and in-
terest in involvement on the part of partners/coop-
erators; available land base for the study; ability
and willingness of land managers to implement the
full suite of experimental treatments successfully
within required time frame, repeat treatments over
time as appropriate, commit selected sites for long-
term research uses, and document these commit-
ments in amendments to long-term land manage-
ment plans.

5. On federal lands, treatment costs are borne by lead
agency or partner.

6. Partnerships exist across agencies and with uni-
versities, and between researchers and managers.

ADDITIONAL INFORMATION

A web site for the FFS study (http://ffs.psw.fs.fed.us/)
was created and is being maintained by Carl Skinner,
a member of the steering committee (Appendix).  This
site is designed primarily to assist the work of the steer-
ing committee, but is open also to the public. It in-
cludes the current draft of the FFS proposal, which
contains considerably more detail in a number of ar-
eas—e.g., specific core variables and protocols, char-
acteristics of research sites, plans for network admin-
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istration and database management—than can be sum-
marized adequately in this paper.  The site also docu-
ments the background of the proposal, including sev-
eral steering committee workshops held to work out
numerous aspects of the study design.  Readers inter-
ested in more details about the proposed FFS study are
referred to this web site.

Table 3. Proposed initial research sites and princi-
pal contacts.

Mission Creek, north-central Washington, Wenatchee
National Forest.
Contact: James K. Agee, University of Washington.

Hungry Bob, Blue Mountains of northeast Oregon,
Wallowa-Whitman National Forest.
Contacts: James McIver, Andy Youngblood, PNW Re-
search Station.

Lubrecht Forest, University of Montana, northern
Rockies, western Montana.
Contacts: Carl Fiedler, University of Montana;  Michael
Harrington, RM Research Station.

Klamath Province, northwestern California, one or
more national forests, possibly other ownerships.
Contacts:  Gary Fiddler, Carl Skinner, and Phil
Weatherspoon, PSW Research Station.

Kings District Administrative Study Area, Sierra
National Forest, southern Sierra Nevada, California.
Contacts: Scott Stephens, California Polytechnic State
University, San Luis Obispo; Mark Smith and Alan
Quan, Sierra National Forest.

Sequoia-Kings Canyon Satellite, Sequoia National
Park, southern Sierra Nevada, California (satellite to
Kings District Administrative Study Area site).
Contacts: Jon E. Keeley and Nathan L. Stephenson,
USGS, Sequoia-Kings Canyon Field Station; Anthony
C. Caprio, NPS, Sequoia-Kings Canyon National
Parks.

Flagstaff and Williams Arizona, Coconino and
Kaibab National Forests, northern Arizona.
Contact: Carl Edminster, RM Research Station.

Jemez Mountains New Mexico, Santa Fe National
Forest, northern New Mexico.
Contact: Carl Edminster, RM Research Station.

Ohio Hill Country, lands managed by the Wayne Na-
tional Forest, the Ohio Division of Forestry, Mead Pa-
per Corporation, and The Nature Conservancy, south-
ern Ohio.
Contacts: Daniel A. Yaussy, Todd Hutchinson, NE
Research Station; Elaine Kennedy Sutherland, RM
Research Station.

Southeastern Piedmont, Clemson Experimental For-
est, northwestern South Carolina.
Contact: Thomas A. Waldrop, SO Research Station.

Florida Coastal Plain, Myakka River State Park,
southwest Florida.
Contacts: Thomas A. Waldrop, SO Research Station;
Robert Dye, Park Manager; Dale D. Wade, SO Re-
search Station.
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